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Description 



such as oil and coal and the like. H ,erinsed wherein the flow of the cooling medium and the 

ln fr.a-2424500 an apparatus for cooling ho ga •J^^^^ h(A gases herein the cooling medium 
hot gas are concurrent. In FR-A-2005156 a tube plate is disclosed for cooling g 

E.g. the cooling of hot gases obtainable from the gasification o myu , eroS ion/corrosion problems. 

ence of small solid particles is ««*»^ fuel is generally coded 

For example, hot synthesis gas produced by partial okkWk* , a my j . g ^ ^ 

in a heat exchanger located next to the gasrf-er ^^P^^25^S?S^^«1 thickness o. the inlet area 
of the heat exchanger where the hot synthes. .gas enters J^J^wSy based on pressure and thermal loads. 
is to be minimised but should be ^^^^T^^^ (say 12 m/s) but on the other hand low 

^ S^eShtge in.et area is subject to overheating (high heat fluxes) and high temperature corrosion phenom- 

ena - t_ ~ „ ™*t*i rt.iQtina and sulc-hidation are known as such to those skilled in 

High temperature corrosion phenomena JJj2^l «2S that metal dusting is a corrosion attack in 
the art and will therefore not be described in the range of 500-900 »C. 

TSET SSSCTpl^a — a specific inlet section for 

better defined cooling and improved equipment ^"^^SLq a vessel provided with an inlet for 
The invention therefore provides an ^us J^JJ « ^S? gas 9 passage through a cooling medium 
hot gas and an outlet for cooled gas, at lea l a heal ^hang a ^ ^ fts jf) upstream 

compartment arranged within the said vessel and said tubefe) being , mo formj & tube ^ 

endls) in a tube plate which Coses the said pooling ^^Ua^sVooom the tube inlet section, in such 

section, wherein the tube plate at rts upstream end " passage(s) is in counter current to the gas 
a manner that the flow of cooling.med.um along the outer wall(s)ottne gas pass g 

medium inlet along the outer wall of the said gas P*WM- of the above erosion/corrosion phe- 



) in which: 



5— • 



a reactor; and 

5 fig. 3 represents a sectional view ot a detail of fig. 2. 



Referring to fig. 1 a reactor t is shown for producing product gas e.g. by partial oxidation of hydrocarbon^ontaining 

fuel. 
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The product gas is supplied to a heat exchanger 2 and is further treated in any suitable manner after heat exchange. 
Such partial oxidation processes and appropriate process conditions are generally known to those skilled in the art 
and will therefore not be described in detail. 

Generally, it can be said that (hydro)carbon -containing fuel A' (optionally with a moderator) and an oxidizer B 1 
(optionally with a moderator) are supplied to the reactor 1 wherein raw hot synthesis gas is produced under appropriate 
process conditions. 

The raw hot synthesis gas is supplied from the reactor 1 via a duct la to the gas inlet of the heat exchanger 2 
located next to the reactor. 

The arrows A represent the synthesis gas flow direction. 

The mechanical connections of reactor and duct on the one side and duct and heat exchanger on the other side 
are made by means of any connections suitable for the purpose (e.g. flanges) (not shown for reasons of clarity). At 
the upstream end of the said gas inlet a tube plate 2a which closes the cooling medium compartment of the heat 
exchanger, comprises at least a tube forming at least one gas passage 3 from the duct la to at least a coil 4 of the heat 
exchanger 2 which is further provided with a gas outlet 5 and an outlet 6 for steam. Advantageously, the tube plate is 
flat and comprises 4-1 0 gas passages. It will be appreciated by those skilled in the art that the tube plate can be located 
in any manner suitable for the purpose, e.g. in the inlet for hot gas, within the vessel of the heat exchanger or between 
the reactor and the said inlet for hot gas. 

Fig. 2 represents a partial longitudinal section of the apparatus of the invention. The same reference numerals as 
in fig. 1 have been used. Two gas passages 3 have been shown. The tubes providing the gas passages are suitably 
mounted at their upstream end in the tube plate 2a which closes the cooling medium compartment of the vessel of the 
heat exchanger 2. 

The tube 2a comprises at its upstream end at least a cooling chamber 7 which is provided with an outlet 8 for 
cooling medium and an inlet 9 for cooling medium. The inlets 9 receive cooling medium B from a supply line 10. Each 
cooling chamber 7 comprises a means 11 having any suitable thickness (e.g. about 5-45 mm) for directing the flow of 
cooling medium from the inlet 9 along the outer wall of the gas passage 3 in such a manner that the inlet section is 
thoroughly cooled, thus lowering the temperature of the inlet section. 
Advantageously, said means 11 is rotation-symmetrical, e.g. a sleeve. 

Fig. 3 represents a sectional view (rotation-symmetrical) of the inlet section of a gas passage 3 of fig. 2 in more 
detail. 

The arrows A represent the flow direction of the synthesis gas to the coil(s) of the heat exchanger (not shown for 
reasons of clarity). 

The inlet section is provided with an annular space 7a surrounding the gas passage 3. (For reasons of clarity only 
part of the inlet section is shown.) 

The annular space 7a is communicating at its one side with a cooling medium inlet 9 and at its other side through 
the cooling chamber 7 and a cooling medium outlet 8 with any means suitable for the purpose e.g. a vaporizer means 
(not shown for reasons of clarity). 

The annular space 7a is provided with the flow directing means 11 (e.g. a sleeve or a baffle) providing an annular 
slit having a certain width to provide a well defined cooling area. Any suitable cooling medium can be applied e.g. feed 
water. 

The arrows C represent the direction of cooling medium within the said flow direction means 11 . 

The flow direction of the cooling medium flow is countercurrent to the gas flow through the gas passage 3 forcing 
the cooling medium to have an intimate contact with the heat exchanger inlet section especially at the knuckle 12. The 
gas passages have been shown with conical ends. However, it will be appreciated by those skilled in the art that the 
invention is not restricted thereto. 

Further, a heat resistant or erosion-resistant barrier 13 for the remainder of the inlet section is advantageously 
installed to shield off the high temperature gas flow from the metal parts adjacent to the inlet tubes. It will be appreciated 
by those skilled in the art that such barrier 1 3 can have any form suitable for the purpose, e.g. a lining or an insert and 
the like. 

The invention will now be described in more detail by reference to the following example: 
Example 



Process and fuel applied therein: 

55 Partial oxidation pressure: 
Temperature: 

Typical crude synthesis gas composition %-vol dry: 



partial oxidation of a liquid or solid and/or gaseous 

hydro-carbon containing fuel. 

0.1-12 MPa 

1000 °C- 1500 °C 

C0 2 = 1.5-9, 

H 2 S = 0.0- 1.0, 
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Capacities: 

Steam pressures: 

Cooling water pressures: 

Cooling water temperatures: 

Feed water flow: 

(used for cooling inlet section) 

Water velocity at annular space: 

Annular slit width: 



O 2 = 0.0-0.1, 
H 2 = 45 - 56, 
N 2 = 0.0-0.5, 
Co = 30 - 49, 
CH 4 = 0.05- 0.3, 

300,000-4,000,000 Nm3/day of crude synthesis gas 
flow 

0.1-12 MPa, 
0.1-12 MPa, 
20-250°C, 

12,000-180,000 kg/h, 

sufficiently high to ensure suitable cooling medium 
heat transfer coefficients, 
1-6 mm. 



Various modifications of the present invention will become apparent to those skilled in the art from the foregoing 
description. Such modifications are intended to fall within the scope of the appended claims. 



Claims 

1. An apparatus for cooling hot gas comprising a vessel (2) provided with an inlet (la) for hot gas and an outlet (5) 
for cooled gas, at least a heat exchange tube (4) defining a gas passage (3) through a cooling medium compartment 
arranged within the said vessel and said tube(s) (4) being mounted at least at or near its (their) upstream end(s) 
in a tube plate (2a) which closes the said cooling medium compartment of said vessel, thus forming a tube inlet 
section, wherein the tube plate at its upstream end is provided with a means (7) for cooling the tube inlet section, 
characterized in that the flow of cooling medium along the outer wall(s) of the gas passage(s) is in countercurrent 
to the gas flow(s) through the said gas passage(s). 

2. The apparatus as claimed in claim 1 , wherein the said means for cooling the tube inlet section comprises a cooling 
medium inlet (9) and cooling medium outlet (8) and defines a closed space between said cooling medium inlet 
and said cooling medium outlet at the upstream end of the tube plate, and further comprises a means (11) for 
directing the flow of cooling medium from the said cooling medium inlet along the outer wall of the said gas passage 

(s). 

3. The apparatus as claimed in claim 2, wherein the said flow directing means is a baffle or sleeve. 

4. The apparatus as claimed in any one of claims 1 -3, wherein the tube inlet section is provided with a heat resistant 
or erosion resistant barrier (13) at its upstream end. 

5. The apparatus as claimed in any one of claims 1 -4, wherein the tube plate comprises the cooling medium outlet 
and the cooling medium inlet of said means for cooling the tube inlet section. 

6. The apparatus as claimed in claims 2-5, wherein the said flow directing means defines an annular space (7a) 
surrounding the outer wall(s) of the said gas passage(s). 

7. The apparatus as claimed in any one of claims 1 -6, wherein the tube plate is flat. 

8. The apparatus as claimed in any one of claims 1 -7, wherein the tube plate is arranged in the duct (la) connecting 
a reactor and the said vessel. 

9. The apparatus as claimed in any one of claims 1-7, wherein the tube plate is arranged in the inlet for hot gas of 
said vessel. 

10. The apparatus as claimed in any one of claims 1-7, wherein the tube plate is arranged within the said vessel. 
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Patentanspruche 

1. Vorrichtung zum Kuhlen von heiBem Gas, mit einem GefaB (2), das mlt einem EinlaB (1a) fur heiBes Gas und 
einem AuslaB (5) fur gekuhltes Gas ausgestattet ist, wobei zumindest ein Warmetauschrohr (4) einen GasdurchlaB 

(3) durch ein Kuhlmediumabteil definiert, das im Inneren des GefaBes angeordnet ist, und das bzw. die Rohr(e) 

(4) zumindest an oder nahe ihrem (ihren) stromaufwartigen Ende(n) in einer Rohrplatte (2a) montiert ist (sind), 
welche das Kuhlmediumabteil des GefaBes abschlieBt und dadurch einen RohreinlaBabschnitt bildet, wobei die 
Rohrplatte an ihrem stromaufwartigen Ende mit einer Einrichtung (7) zum Kuhlen des RohreinlaBabschnittes aus- 
gestattet ist, dadurch gekennzeichnet, daB die Kuhlmediumstromung entlang der AuBenwand bzw -wande des 
Gasdurchlasses bzw. der Gasdurchlasse im Gegenstrom zu der bzw. den Gasstrdmung(en) durch den Gasdurch- 
laB bzw. die Gasdurchlasse ist. 

2. Vorrichtung nach Anspruch 1 , bei welcher die Einrichtung zum Kuhlen des RohreinlaBabschnittes einen Kuhime- 
diumeinlaB (9) und einen KuhlmediumauslaB (8) aufweist und einen geschlossenen Raum zwischen dem Kuhl- 
mediumeinlaB und dem KuhlmediumauslaB am stromaufwartigen Ende der Rohrplatte definiert, und ferner eine 
Einrichtung (11) zum Richten der Kuhlmediumstromung aus dem KuhlmediumeinlaB entlang der AuBenwand des 
Gasdurchlasses bzw. der Gasdurchlasse aufweist. 

3. Vorrichtung nach Anspruch 2, bei welcher die Stromungslenkeinrichtung ein Leitblech oder eine Hulse ist. 

4. Vcrrichtung nach einem der Anspruche 1 -3, bei welcher der Einlabschnitt mit einer hitze- oder erosionsbestandigen 
Barriere (13) an seinem stromaufwartigen Ende ausgestattet ist. 

5. Vcrrichtung nach einem der Anspruche 1 -4, bei welcher die Rohrplatte den KuhlmediumauslaB und den Kuhlme- 
diumeinlaB der genannten Einrichtung zum Kuhlen des RohreinlaBabschnittes aufweist. 

6. Vorrichtung nach den Anspruchen 2-5, bei welcher die Stromungslenkeinrichtung einen Ringraum (7a) definiert, 
welcher die AuBenwand bzw. -wande des Gasdurchlasses bzw. der Gasdurchlasse umgibt. 

7. Vorrichtung nach einem der AnsprOche 1-6, bei welcher die Rohrplatte flach ist. 

8. Vorrichtung nach einem der. Anspruche 1-7, bei welcher die Rohrplatte in der Leitung (la) angeordnet ist, welche 
einen Reaktor mit dem genannten GefaB verbindet. 

9. Vorrichtung nach einem der Anspruche 1-7, bei welcher die Rohrplatte im EinlaB fur HeiBgas des genannten 
GefaBes liegt. 

10. Vorrichtung nach einem der AnsprOche 1-7, bei welcher die Rohrplatte im Inneren des genannten GefaBes liegt. 
Revendications 

1. Appareil pour le refroidissement de gaz chauds, comportant une cuve (2) dot6e d'une entr§e (1a) pour les gaz 
chauds et d'une sortie (5) pour les gaz refroidis, d'au moins un tube d'Schange de chaleur (4) d£finissant un 
passage pour le gaz (3) a travers un compartiment pour fluide de refroidissement dispose a I'interieur de ladite 
cuve, et ledit ou lesdits tubes (4) etant, sur ou a proximite de leur extrSmite amont, dans un plateau pour tubes 
(2a) qui ferme ledit compartiment pour fluide de refroidissement de ladite cuve, pour ainsi former une partie d'entr^e 
de tube, dans lequel le plateau pour tube est dote a son extr6mit6 amont d'un moyen (7) de refroidissement de la 
partie d'entr§e de tube, caract6rise en ce que I'ecoulement de fluide de refroidissement le long de la ou des parois 
exterieures du ou des passages pour le gaz est a contre-courant du ou des ecoulements de gaz a travers ledit ou 
lesdits passages pour ie gaz. 

2. Appareil selon la revendication 1 , dans lequel ledit moyen de refroidissement de la partie d'entrSe de tube comporte 
une entree (9) pour fluide de refroidissement et une sortie (8) pour fluide de refroidissement et d6finit un espace 
ferm6 entre ladite entree de fluide de refroidissement et ladite sortie pour fluide de refroidissement a I'extr6mite 
amont du plateau pour tube, et comporte en outre un moyen (11) pour orienter I'ecoulement du fluide de refroidis- 
sement provenant de ladite entree de fluide de refroidissement le long de la paroi exterieure dudit ou desdits 
passages pour le gaz. 
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3. Appareil selon la revendication 2, dans iequel ledit moyen d'orientation de I'ecoulement est une chicane ou un 
manchon. 

4. Appareil selon Tune quelconque des revendications 1 k 3, dans Iequel la partie d'entree du tube est dotee k son 
extremite amont d'une barriere (13) resistant k la chaleur ou resistant k I'erosion. 

5 Appareil selon Tune quelconque des revendications 1 k 4, dans Iequel le plateau pour tubes comporte la sortie 
pour le fluide de ref roidissement et I'entree de fluide de ref roidissement dudit moyen de ref roidissement de la partie 
d'entree de tube. 

6. Appareil selon les revendications 2 k 5, dans Iequel ledit moyen d'orientation de I'ecoulement delimite un espace 
annulaire (7a) qui entoure la ou les parois exterieures dudit ou desdits passages pour le gaz. 

7. Appareil selon I'une quelconque des revendications 1 k 6, dans Iequel le plateau pour tubes est plat. 

8. Appareil selon I'une quelconque des revendications 1 a 7, dans Iequel le plateau pour tubes est agence dans le 
conduit (la) reliant un reacteur et ladite cuve. 

9. Appareil selon I'une quelconque des revendications 1 a 7, dans Iequel le plateau pour tubes est agence dans 
I'entree des gaz chauds de ladite cuve. 

10. Appareil selon I'une quelconque des revendications 1 £7, dans Iequel le plateau pour tubes est agence a I'interieur 
de ladite cuve. 
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